Objective This study aimed to evaluate the accuracy of the automated oscillometric upper arm blood pressure monitor Shanghai, China) for home blood pressure monitoring according to the International Protocol.
Introduction
According to the most recent 'Analysis and Investment Prediction on the Chinese Market of Blood Pressure Measuring Devices for the period 2009-2010' (a commercially available document in Chinese in the website www.gxbaogao.com), China is becoming a big consuming and manufacturing country of automated blood pressure measuring devices for home self-measurement of blood pressure, with the total sales and exporting volumes of approximately 4 and 40 million monitors in 2008, respectively. Several manufacturers developed and internally validated their own products with their own algorithms for the measurement of blood pressure. However, only a few of these devices have been validated by an independent research group. HONSUN Group (Shanghai, China) is a manufacturer of various blood pressure measuring devices including but not restricting to automated oscillometric blood pressure monitors. In this study, we assessed the accuracy of the upper arm blood pressure monitor LD-578 for home blood pressure measurement in adult Chinese according to the European Society of Hypertension International Protocol for validation of blood pressure measuring devices in adults [1] .
Methods

Participants
Study participants were between 30 and 69 years of age, and recruited from the staff and hypertensive patients in Ruijin Hospital (Shanghai, China). We excluded individuals whose blood pressure was not within the range set by the International Protocol [1] and those with cardiac arrhythmias and peripheral arterial disease. For practical reasons, we also excluded patients with known heart disease or diagnosed secondary hypertension. All participants gave informed written consent. The Ethics Committee of Ruijin Hospital approved the study protocol. We administered a short questionnaire to collect information on medical history, and measured body height, body weight, and arm circumference.
The selected participants were categorized fitting the blood pressure ranges (systolic blood pressure 90-129, 130-160, and 161-180 mmHg and diastolic blood pressure 40-79, 80-100, and 101-130 mmHg) required by the International Protocol rules [1] .
The HONSUN LD-578 device
The HONSUN LD-578 device (HONSUN Group, Shanghai, China) is an automated electronic digital upper-arm blood pressure monitor. The device operates through oscillometric technique and is designed for self blood pressure monitoring at home. The device has a semiconductor pressure sensor designed to measure blood pressure values ranging from 40 to 260 mmHg and heart rate values from 40 to 160 beats per minute. The declared specific accuracy is ± 3 mmHg for blood pressure and ± 5% for heart rate. The device measures blood pressure during deflation only and reports the last readings of measurements. The device has a width of 117 cm, a depth of 120 cm and a height of 116 mm, and weighs 310 g. The device has a memory capacity of 30 readings. A standard arm cuff (138 Â 500 mm) and a large arm cuff (165 Â 590 mm) are supplied with the device, suitable for arm circumferences ranging from 22 to 31 cm and from 32 to 42 cm, respectively.
Validation procedure
The validation procedure strictly followed the International Protocol [1] , and was carried out by a team of three investigators experienced in blood pressure measurement and trained repeatedly by the use of an educational video program for blood pressure measurement produced by the British Society of Hypertension (Registered Charity Number 287635). Blood pressure was measured in the sitting position with the forearm at the level of the heart according to the European recommendations [2] .
Data analysis
Data analysis was performed by the use of the ESHIP Analyzer program (gifted by Neil Atkins, dabl Limited, Dublin, Ireland) according to the European Society of Hypertension International Protocol for blood pressure measuring devices in adults [1] .
Results
Demographic and clinical data
Of the 38 consecutive participants screened for inclusion in the study, two were excluded because their entry blood pressure was outside the blood pressure ranges defined in the inclusion criteria, leaving 36 participants enrolled into the study. Of these 36 participants, 33 had systolic blood pressure in the required ranges, and all had diastolic blood pressure in the required ranges, but only the first 33 consecutive participants were included for analysis. Indeed, there were exactly 11 participants in each required range. The study was conducted on the left arm in all participants. A standard arm cuff was used in 33 participants and a large arm cuff in three participants. During the study, there was one measurement failure but no repeated failure. The study participants included 16 men and 20 women. The average age (± SD) was 50.2 ± 8.8 years. The mean systolic/diastolic blood pressures were 144.4 ± 29.0/89.1 ± 17.2 mmHg. The average arm circumference was 28.0 ± 2.6 cm and ranged from 23.0 to 34.0 cm.
Validation of the LD-578 device
The LD-578 device successfully passed phase 1 and phases 2.1 and 2.2 of the validation study. The results are shown in Table 1 and Fig. 1 .
Device-observers mean differences
The average (± SD) of the device-observers differences was -1.6 ± 6.2 mmHg (P = 0.01) and -2.8 ± 4.6 mmHg (P < 0.0001) for systolic and diastolic blood pressure, respectively. Figure 1 presents the scatter plots of deviceobservers difference against the average of device and observers values for the 99 pairs of comparisons. The correlation coefficient between device-observers differences and the mean of device and observers values was -0.24 (P = 0.02) and 0.04 (P = 0.66) for systolic and diastolic blood pressure, respectively. 
Discussion
The results of this study demonstrated that the HONSUN upper arm blood pressure monitor LD-578 passed the validation for both systolic and diastolic blood pressure according to the International Protocol [1] .
In our study, the graphical presentations of the deviceobservers differences in systolic and diastolic blood pressures showed a good agreement between the mercury sphygmomanometer and the LD-578 device. Only two dots were outside the ± 15 mmHg limits for both systolic and diastolic blood pressure. Nonetheless, the device slightly underestimated blood pressure, especially diastolic pressure and when systolic blood pressure was high as indicated by the negative association between device-observers differences and the mean of device and observers values.
In conclusion, the HONSUN upper arm blood pressure monitor LD-578 can be recommended for home use in adults. However, only three of our study participants used a large cuff. The results of our validation study should therefore be cautiously extrapolated to populations with the higher prevalence of obesity. Further studies are required to prove the accuracy of this device in obese participants. 
